Introduction
The isolation of Gram-negative bacilli from sputum cultures can pose a problem in interpretation for the clinical bacteriologist. Wilson and Martin (1972) attempted quantitative assessment analogous to that now widely accepted for urinary pathogens. The significance of the predominantly Gramnegative bacillary flora obtained from the respiratory secretions ofyoung children newly admitted to hospital with chest infections has also been debated. Such culture findings are certainly very different from those described as normal in standard text-books (Topley and Wilson, 1964 ), yet there is considerable reluctance among both clinicians and bacteriologists to regard coliform bacilli as pathogenic in these situations. It has been suggested that such flora develops after the child has received antibiotics, and the studies of Elderkin et al. (1965) , Shallard and Williams (1966) and Farmer (1968) on children in hospital lend some support to this view. The authors' experience in general practice and hospital laboratory led them, quite independently, to believe that this explanation was not altogether satisfactory, and they were sufficiently interested in the subject to arrange a combined clinical-laboratory study. They were further influenced in the overall planning of their study by the conclusions published in two other papers. Firstly, McCall and Acheson (1968) noted that the combined effects of the seasonal and age patterns of admission for respiratory infections brought about significant differences in the morbidity experience of children born in different seasons. The authors were interested to see whether a similar pattern of Gram-negative bacillary colonization of infants of the same age would emerge. Secondly, Court (1968) stressed the importance of a fuller understanding of the epidemiology of respiratory disease, and pointed to the need for studies in families and other defined communities to achieve a more comprehensive picture of the total incidence and clinical range of respiratory illness and the agents causing it. Brimblecombe et al. (1958) produced an excellent survey of this sort in a working-class area of London, and Lidwell and Sommerville (1951) carried out similar work in a country village.
With Court's last point particularly in mind, the objects of the present study were to establish the frequency of Gram-negative bacilli in the respiratory secretions of children when healthy and when suffering from respiratory infections, and to search for possible relationships between such colonization and neonatal and environmental factors.
Methods
The survey included 114 consecutive infants born to mothers in one practice and, of this number, ninety were followed for 2 years. The practice (list 3700) was centred on three mining villages and the surrounding farming countryside. The specimens consisted ofsamples ofrespiratory secretion collected on bacteriology swabs made of non-absorbent cotton wool. The back of the tongue was depressed until the child 'gagged' or coughed to produce the secretions. It was usually impossible to avoid contact with the surrounding fauces. The swab was then placed in Stuart's transport medium and taken to the laboratory, where it was plated on horse blood agar, heated blood (chocolate) agar and MacConkey agar. These media were incubated at 37°C for 18 hr. Lactose fermenting colonies of typical morphology were recorded as Escherichia coli. Mucoid colonies which fermented inositol were classified as species of Klebsiella. Spreading, non-lactose fermenting colonies were recorded as Proteus spp. Gram-negative bacilli which did not fit into this simple scheme were classified as 'other coliforms'. Organisms recorded as Haemophilus influenzae showed characteristic features on chocolate agar, were both X and V factordependent and were non-haemolytic. Those included under the heading 'other Haemophilus' comprised haemolytic X and V factor-dependent strains and both haemolytic and non-haemolytic varieties which were V-dependent. Detailed biochemical and serological identification was undertaken only in certain instances (see below).
Swabs were collected from each child, whether born in hospital or at home, according to a fixed pattern. They were taken on the 5th, 7th, 14th, 21st and 28th day of life, and thereafter at monthly intervals. In all cases of respiratory infection swabs were taken before treatment and at the end of the illness. The nature and duration of antibiotic therapy was noted. Records were also established to show home or hospital delivery, maturity at birth, nature of delivery and type of membrane rupture, and the use of chemotherapy in the last 2 weeks of gestation, in labour and in the post-natal period. The number of ante-natal days spent by the mother in hospital and the number of days the child remained in hospital after birth were recorded. Details were also kept of certain aspects of the child's home environment, including the place in the family, the type of feeding instituted, the social class, and the housing standard and general hygiene of the home. This basic information and the bacteriological findings were coded for computer analysis.
Results
From Fig. 1 Table 1 reveals one of the most interesting findings of this study; the mothers of children in Group A had lyingin times more than three times as long as mothers of children in the other two groups. Again, Group A children spent considerably longer in hospital than the average. The proportion of children in Group A born by Caesarean section was higher than expected, but the numbers involved were very small and it was felt that this was more likely to result from a longer post-natal stay in hospital than on the type of delivery. In only three cases was the delivery assisted by instruments. It did not appear that the way in which membranes ruptured had any effect on postnatal colonization. All home confinements were at or about full term and therefore only hospital confinements could be used to see whether maturity had an effect on the three groupings. In fact, Group A contained a much higher percentage of premature babies than did either of the other two. This, of course, may once agairnbe related to the length of stay in hospital since infants born prematurely may be expected to remain longer in hospital. feeding method adopted by the mother, i.e. whether breast feeding was established, given only a few days' trial, or not attempted. It was interesting to find an above-average number of established breast feeders among Group A children. This might be attributable to maternal factors, or it may reflect the fact that these infants spent a rather longer time in hospitaltheir average stay was 8 days compared with 6-8 days for the series as a whole.
Having analysed the pattern of colonization by Gram-negative bacilli in these children in health, attention was turned to the respiratory infections from which they suffered in their first 2 years of life. These episodes of respiratory infection, 285 in all, were classified on a simple clinical basis suggested by Carre (1961) and by Court (1968 Upper respiratory tract infections and bronchitis were by far the commonest types encountered. There were only two episodes of Type 4, both bronchopneumonias, and treated in hospital with broadspectrum antibiotics. One case was from Group B and the other Group C; both came from substandard houses with overcrowding, and it is worthwhile recording that E. coli was not cultured from the cough swabs taken on their discharge from hospital. Figure 3 shows a steadily declining incidence of upper respiratory infection and bronchitis in the first 2 years of life, but the incidence of laryngeal infections is more constant. In Fig. 4 there is the expected winter peak in the seasonal variations, with a smaller upsurge for bronchitis in the late spring and early summer, and an August/September increase for upper respiratory tract infections coinciding with the return of older siblings to school.
In Table 2 it can be seen that the episode rate for upper respiratory tract infections in the first 2 years is lowest in Group A. The percentage of each group which did not suffer any upper respiratory tract infection is remarkably constant, whereas recurring episodes (two or more) are shown to be more common in Groups B and C.
The bronchitis figures reveal an even greater discrepancy, the Group A episode rate in the first 2 years being less than half that of the other two groups. Again, recurring episodes of bronchitis are more common in Groups B and C. Table 3 relates the groups' social environments and the incidence of respiratory infections. Of the fourteen cases in the substandard houses of the miners' row there is a higher percentage of Group C children than would be expected, while the distribution of Groups A, B and C children in the satisfactory council and private houses follows that of the survey as a whole. On further investigation, nine of these fourteen cases proved to be home confinements and this may be a factor in producing the high percentage of infants in Group C, since infants born at home tended not to be colonized by Gram-negative bacilli. When the incidence of chest infections is related to housing standards, the upper respiratory tract infection rate per child for the first 2 years is reasonably constant, but there is a significant increase in the rates for laryngitis and bronchitis in the substandard miners' row houses. The hygiene of the home was also considered, and a visual assessment of the 'living' Table 4 shows the frequency with which antibiotics were used in various types of respiratory infection. The broad-spectrum group includes ampicillin and sulphonamides, and the narrow-spectrum group penicillin V and erythromycin.
From Table 5 it can be seen that on fifty-four occasions E. coli was cultured at the onset of a respiratory infection. Samples at the beginning of the illness were collected in 244 of the 285 episodes (85%4) and this gives an E. coli isolation rate of 22 1 Y. Table 6 summarizes the number of E. coli isolations from specimens taken at the onset and at the end of each incident of respiratory infection, in relation to the type of antibiotic therapy employed. It is evident that the use of antibiotics certainly did not result in an increase in the isolation rate of E. coli; in fact, the reverse is true although it has to be noted that the fall in the isolation rate is greater where no antibiotic was used than where either a broad-or narrow-spectrum antibiotic was exhibited.
Source of respiratory E. coli
As the work proceeded, it was decided to search for a source of the coliform bacilli being found in the respiratory tract of the infants. Both host and environmental factors which influence the establishment of the neonatal bacterial flora have been painstakingly examined by Evans, Akpata and Baki (1970) . They cite the general view that the birth canal is unimportant as a source of respiratory flora in the early days of life, although Benirschke (1960) reported evidence that the bacteria cultured from the vagina and those from the infant's respiratory tract With these points in mind, the following specimens were examined for the presence of E. coli.
(a) Mother-(1) faeces and (2) urine immediately before the first stage of labour (sometimes several specimens had to be examined and the latest results were used); (3) high vaginal swab during the first stage of labour; (4) faeces and (5) high vaginal swab soon after delivery.
(b) Infant-cough swabs were taken in the same way and at the same intervals of time as described above. In most cases, samples of faeces were collected in the first 7-10 days of life. In cases where E. coli had been isolated from two or more of the routine first five cough swabs, attempts were made to repeat these examinations at 2 and 3 months of age. Additional cough swabs were also taken when an infant developed a respiratory illness.
Serology
Five representative lactose-fermenting colonies which morphologically resembled E. coli were individually subcultured and tested for production ofacid and gas from glucose and lactose, production of indole, and failure to utilize Simmon's citrate or to split urea. They were subcultured to nutrient agar, and a homogeneous suspension was made by harvesting the growth in 0 85°/ sodium chloride solution.
The bacterial suspension was then boiled for 30 min. Overnight incubation at 50°C was used for titration of 0 5 ml samples of the suspension against 0'5 ml samples of the following fifty commercially prepared sera: 01, 02, 03, 04, 05, 06, 07, 08, 09, 010, 011, 012, 013, 014, 015, 016, 017, 018 A total of 189 specimens from seventeen mothers and their infants were examined for E. coli, and 600 colonies were serotyped. In five instances the serotype present in the infant's respiratory tract corresponded to that found in the mother's antenatal specimens (usually faeces). In ten, non-typeable strains were found in both mother and infant specimens, and in the remaining two the infants harboured serotypes not found in the mother's ante-natal specimens. It was disappointing to find that, despite the use of a fairly extensive range of typing sera, just over 50°/ of the cases harboured non-typeable strains of E. coli. Gruneberg and Bettelheim (1969), using 147 sera, were able to type nearly 90%. of their E. coli isolates from infected urine. Nevertheless, it could be argued from the consistency seen in the typeable strains from certain cases that the regular occurrence of non-typeable strains in others is possibly significant, and that the use of a wider range of sera would have revealed more examples of the same serotype being harboured by both mother and child. The serotypes found in this investigation corresponded closely to those most frequently encountered in eleven other surveys ofE. coli isolated from urinary tract infections (Gruneberg and Bettelheim, 1969) .
The absence of serotype 075 from this series may simply reflect the geographical variations in the 0-group distribution of E. coli which are known to occur.
No firm conclusion can be offered as to the source of the E. coli in the infants' respiratory flora. Vaginal isolates of E. coli were very infrequently made and the authors would support the view that the birth canal is not an important source of respiratory organisms in the newborn child. What evidence there is suggests that the maternal bowel content is a much more likely source. Once established, however, a particular serotype may colonize the respiratory tract for some weeks or even months.
Discussion
The purpose of this investigation was to try to reassess the significance of E. coli and other Gramnegative bacilli in the upper respiratory secretions of young children. At the outset, the authors shared the previously expressed doubts regarding the clinical significance of the often predominantly Gramnegative bacillary flora found on culture of these secretions from young children suffering from chest infections. These investigations have shown that Grossberg (1972) referred to above. The latter concept is more easily reconciled with the generally accepted view that E. coli is not a primary respiratory pathogen in previously healthy adults; in the series of E. coli pneumonias described by Tillotson and Lerner (1967) one or more serious chronic diseases were present, presumably providing conditions for E. coli to play the part of an 'opportunist' invader. Bacteria with an accepted aetiological role in respiratory disease, such as Pneumococcus and H. influenzae, were seldom isolated in the present survey. An interesting finding, however, was the frequency with which haemolytic strains of Haemophilus were encountered, and several children regularly harboured such strains for several months, apparently without ill-effect. It is concluded that haemolytic stains of Haemophilus spp., especially in mixed culture, should not be regarded as pathogenic, and laboratories should not risk misleading the clinician by reporting sensitivity results on respiratory isolates. Branson (1968) found H. parahaemolyticus in 1800 of her control series when investigating the clinical significance of haemolytic Haemophilus in the throat, and Parsons and Faris (1973) noted that there had been very few previous reports of H. parahaemolyticus as a pathogen and none of it as a pyogenic organism.
